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Selective Nucleic Acid Capture with Shielded Covalent Probes
Jeffrey Vieregg1, Niles A. Pierce2.
1Institute for Molecular Engineering, University of Chicago, Chicago, IL,
USA, 2Dept of Bioengineering, California Institute of Technology, Pasadena,
CA, USA.
Nucleic acid probes are used for diverse applications in vitro, in situ, and in
vivo. In any setting, their power is limited by imperfect selectivity (binding
of undesired targets) and incomplete affinity (binding is reversible, and not
all desired targets are bound). These difficulties are fundamental, stemming
from reliance on base pairing alone to provide both selectivity and affinity.
Shielded covalent (SC) probes eliminate the longstanding trade-off between
selectivity and durable target capture, achieving selectivity via programmable
molecular conformation change and durable target capture via activatable
covalent cross-linking (Vieregg et al, J. Am. Chem. Soc. 2013). In pure and
mixed samples, SC probes covalently capture complementary DNA or RNA
oligonucleotide targets and reject two-nucleotide mismatched targets with
near-quantitative yields at room temperature, achieving discrimination ratios
of 23 orders of magnitude. Semi-quantitative studies with full-length
mRNA targets demonstrate selective covalent capture comparable to that for
RNA oligo targets. Single-nucleotide DNA or RNA mismatches, including
nearly isoenergetic RNA wobble pairs, can be efficiently rejected with discrim-
ination ratios of 12 orders of magnitude. Covalent capture yields appear
consistent with the thermodynamics of probe/target hybridization, facilitating
rational probe design. If desired, cross-links can be reversed to release the
target after capture. In contrast to existing probe chemistries, SC probes achieve
the high sequence selectivity of a structured probe, yet durably retain their tar-
gets even under denaturing conditions. This previously incompatible combina-
tion of properties suggests diverse applications in vitro and in vivo; this talk
will present our latest results on SC probe applications.
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Polyethylenimine: Experimental and Simulation Study of Polymer
Biophysics During Ph Buffering
Bria J. Rice1, Tasneem Abdus-Shakur1, Kimberly A. Curtis1,
Jeffrey B. Klauda2, Richard M. Venable3, Richard W. Pastor3,
Preethi L. Chandran1.
1Howard University, Washington, DC, USA, 2University of Maryland,
College Park, MD, USA, 3National Institutes of Health, Bethesda, MD, USA.
Dynamic Light Scattering (DLS) and all atom molecular dynamics (MD) simu-
lation were used in complementary ways to study the effect of protonation
(simulation) and pH changes (experiment) on the polymer chain dynamics of
a 2.4kDa linear PEI (~50mer). Simulations were performed with a modified
CHARMM potential for a variety of charge states and ionic strengths to
generate conformational statistics. DLS yielded a phase map of PEI aggrega-
tion to select for conditions in which PEI was in the dilute and free polymer
state. Hydrodynamic radii from the experiments and simulations were within
3A agreement. The results indicate that PEI absorbs protons with minimal
change in its elongation length, except at high protonation where the chain
elongates and deviates from worm chain distributions. Salt screening intro-
duced changes in the protonation/pH response. Our observations are consistent
with PEI studies showing that intra-chain charge repulsion raised the free
energy of subsequent protonation.
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Synthetic Membrane Curvature-Inducing DNA Origami Scaffolds
Henri G. Franquelim1, Veikko Linko2, Aleksander Czogalla3,
Hendrik Dietz2, Petra Schwille1.
1Max Planck Institute of Biochemistry, Martinsried, Germany, 2Technical
University of Munich, Garching, Germany, 3Paul Langerhans Institute,
Dresden, Germany.
Biological membranes are dynamic cellular barriers that suffer deformation and
bending. Despite huge effort in identifying the general elements involved in
membrane curvature, the physical-chemical basis of curvature induction is still
poorly understood. In this work, we fill this gap by engineering a minimal
curvature-inducing system. Due to its exclusive nanoengineering properties,
DNA origami technology will be utilized to build minimal curvature-
inducing scaffoldings. This state-of-the-art technology enables the folding
of long strands of DNA into nano-objects with defined shapes by using
sequence-specific short DNA staples. For instance, our group recently con-
structed membrane-interacting rod-like DNA origami structures, which were
functionalized with hydrophobic anchors and fluorescently labeled at defined
positions [1]. Here, synthetic nanostructures will be designed in order to
have a) defined customized shapes and b) specific membrane binding elements.
Hybrid origami scaffolds with specific functional membrane-attachment
groups bound at defined positions on the scaffolds will be produced. The inter-action of those hybrid scaffolds with lipid membrane model systems will be
studied and their capability of inducing membrane curvature evaluated. Fluo-
rescence microscopy and atomic force microscopy methods will be used in
order to retrieve extent, localization and forces involved in the interactions.
More precisely, the role of the scaffolding shapes, membrane-attachment
moieties, oligomerization and conformational changes will be assessed. At
the end, this quantitative characterization of minimal membrane-inducing scaf-
folds will help understand the role of cooperativity in membrane deformation
and the rules that govern the induction of membrane curvature.
[1] A. Czogalla, E. P. Petrov, D. J. Kauert, V. Uzunova, Y. Zhang, R. Seidel,
and P. Schwille, Faraday Discuss. 161 (2013) 31.
3121-Pos Board B813
On-Chip Fast Plasmonic Detection of Single Molecule Mirna for Cancer
Diagnosis
Julian A. Diaz, Inhee Choi, Chi-Cheng Fu, Sang Hun Lee, Luke P. Lee.
Berkeley Sensor and Actuator Center, Department of Bioengineering,
Department of Electrical Engineering and Computer Science, University of
California at Berkeley, Berkeley, California 94720, USA.
Simple methods that enable early stage cancer diagnosis are indispensable to
increase the chances of a successful treatment. Detecting changes on the con-
centrations of specific miRNAs is a promising strategy for cancer premature
identification. However, miRNAs detection can be challenging due to their
low concentrations in physiological fluids, and sequence similarities that
make slightly different miRNA species difficult to discriminate. Here, we pre-
sent an integrated plasmonic detection method that allows the specific detection
of multiple miRNAs types, at a very low concentration, in a fast and user-
friendly essay. By using gold-nanoparticles, controlling the surface chemistry,
and improving the hybridization strategy, we are able to selectively detect
miRNAs concentrations of less than 1fM at the single molecule level in a multi-
plexed (> 2 species) and fast (< 20 min) essay. Moreover, our approach avoids
the typical enzymatic/chemical target modification, which makes it ideal for
point of care applications. We believe this technology can be used not only
on the early detection of cancer but also, to monitor its progression and to study
its drug resistance changes.
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Enhancing Portable Ultrasound Machine for Detecting Breast Masses in
Ultrasound Breast Images
Farzan Khatib, Firouzeh Ghafourian Nasab.
Islamic azad University, Mashhad, Iran, Islamic Republic of.
The aim of this research is enhancing Breast masses extraction from Ultrasound
Breast images of a portable Ultrasound machine and improving the interpreta-
tion of Medical Officers using Computer-Assisted Detection techniques.
Breast Cancer is the second leading cause of death in women and mothers all
around the world. Detecting Breast Cancer in early stage may increase survival
chance of patients. Among different methods of breast screening Ultrasound is
one of the safest and the most cost effective way. A portable Ultrasound
machine can be used to distribute the benefits of early stage breast screening
with lower cost and higher number of patients specifically in country sides
and far away centers around countries with wide people distributions. Modes
of operation, transducer, frequency and contrast were the main parameters in
this work. Ultrasound images were acquired considering an applicable range
of setting for these parameters in B-Mode Ultrasound.
Using MATLAB Image Processing Tool Box and an enhancement and detec-
tion algorithm could produce a set of results that were reviewed and marked by
two experienced radiologists. A sensitivity of 99% and accuracy of 98% for
proposed framework were come from statistical analysis of results.
Applicability, predicting chance of Breast Cancer, safety, cost effective and reli-
ability are some of the key point for this work. It has high implementation pos-
sibilities and can simply realize and add to any portable Ultrasound machine.
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Kyle Justus1, Saumya Saurabh2, Marcel Bruchez2, Carmel Majidi1,
Philip LeDuc1, Cheemeng Tan3.
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2Carnegie Mellon University, Pittsburgh, PA, USA, 3Biomedical
Engineering, University of California, Davis, Davis, CA, USA.
The integration of optofluidics and soft materials has ushered in a new gener-
ation of flexible devices for drug delivery, biosensors, and tissue engineering.
These devices are biocompatible and allow complex control of device dy-
namics using fluidic and pneumatic controls. Importantly, these devices could
be combined with synthetic biological systems to increase sensory and control
capabilities of the devices through exploitation of complex genetic controls in
618a Tuesday, February 18, 2014synthetic cells. Here, we take the first step towards such bio-opto-fluidic sys-
tems by constructing a hybrid device that consists of soft materials, synthetic
bacteria, fluidic systems and electronics. Specifically our device consists of a
flexible polydimethylsiloxane (PDMS) chamber for culturing synthetic Escher-
ichia coli that express green fluorescent proteins (GFP) and a flexible electronic
layer housing an LED with an emission spectrum peak at 395 nm. The PDMS
chamber has high gas permeability that facilitates aerobic cell growth condi-
tions, high translucence that allows for optical control of the synthetic bacteria,
and high viscoelasticity that provides mechanical versatility. We demonstrated
that the synthetically modified bacteria can be excited internally by an elec-
tronic component without sacrificing the flexibility and transparency of the
device. We have also shown that isopropyl b-D-1-thiogalactopyranoside
(IPTG) can be delivered via micro channels over a flexible micro-porous
PDMS membrane to modulate gene expression of the synthetically modified
bacteria inside the device. Furthermore we optimized the geometry of the de-
vice with respect to bacterial growth rates, fluorescence expression, and fluid
flow properties. Finally, we tested the device during mechanical deformation
by bending to demonstrate the robust function of the device in strain-induced
conditions. Our work will have wide impact on the development of the next-
generation bio-opto-fluidic devices and the integration of synthetic biological
systems with soft electronic materials.
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Shape Evolution of Multicellular Systems; Application to Tissue
Engineering
Ashkan Shafiee, Matthew McCune, Ioan Kosztin, Gabor Forgacs.
University of Missouri, Columbia, MO, USA.
Organs are in high demand. Tissue engineering and regenerative medicine
might be the answer to this challenge of the 21st century. Towards this goal
our objective is to optimize the conditions for cells to self assemble into func-
tional structures, such as tissues and eventually organoids. To facilitate self-
assembly we employ the technology of bioprinting. To maintain the extended
cellular assemblies, they need to be vascularized. Thus we first concentrate on
the fabrication of blood vessels. We prepare convenient bioink particles, multi-
cellular units composed of the relevant cell types and we deposit them into a
geometry, consistent with the shape of the vessels. Self-assembly and the
maturation of the construct takes place post-printing in special-purpose biore-
actors by the fusion of the bioink units and the rearrangement of the cells within
them. The time to achieve near physiological biomechanical properties has so
far been found by trial and error. We have developed an experimental-
theoretical-computational framework to optimize the postprinting maturation
process, in particular the fusion of the bioink units. This paper focuses on the
experimental component of this formalism, in particular on the fusion of spher-
ical and cylindrical bioink units. The connection between experiments and
computer simulations are guided by theory. Here we report the results of
extended fusion experiments and on their comparison with predictions of the
theory. The excellent agreement we find, on one hand, provides a verification
of the theoretical component of the formalism, and, on the other hand, the input
for the computational component of the formalism. Specifically, our experi-
ments, together with the theory, allow the calibration of the basic simulation
parameters, which in turn allows to fully implement the computational compo-
nent of the formalism to optimize the fabrication of blood vessels through the
bioprinting process.
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Development of a Liquid Formulation for Proteins for Long Time Storage
Rupert Tscheliessnig1, Rene Ueberbacher2, Monika Mueller3,
Herwig Peterlik4, Alois Jungbauer2.
1Austrian Centre for Industrial Biotechnology, Vienna, Austria, 2Institute for
applied Molecular Biology, Vienna, Austria, 3Department of Pharmaceutical
Technology and Bionpharmeceutics Vienna, Vienna, Austria, 4Faculty of
Physics, Vienna, Austria.
Appropriate protein storage conditions are of interest for industrial biotech-
nology and an integral part to design sustainable biotechnological processes
[1]. The molecular mechanisms need to be identified, that throughout the pro-
tein lifetime trigger possible but unwanted inactivation [2]. We developed a
protocol here fore and discuss it on two systems:
The conformational stability of bovine serum albumin (BSA) in solutions of
different concentrations of ammonium sulfate was monitored in respect to ther-
mal stabilty by differential scanning calorimetry (DSC), change of secondary
structure was analyzed by attenuated total reflectance Fourier-transformation-
infrared spectroscopy (ATR-FTIR) and conformational changes upon different
ionic strengths were imaged by small-angle X-ray scattering (SAXS). In the
second example we discuss the evaluation of the optimal formulation for 8
monoclonal immunoglobulin (IgMs). These were differentiated by DSC andSAXS. Optimized formulations prevented aggregation and fragmentation
from shear stress, freeze-thaw cycles, accelerated storage and real time storage
at 4C and 20C and also preserved immuno reactivity for 12 months. High-
est conformational stability was characterized by SAXS. In particular the
molecular mechanism for both systems were analyzed and a consistent picture
developed, that explain the cause for stabilization. SAXS data indicate decora-
tion of specific domains for both proteins. Mean forces calculated point towards
a compaction of the proteins and their stabilization.
[1] Monika Mueller, Maybelle Q. T. Loh, Doris H. Y. Tee, Yuansheng Yang
and Alois Jungbauer (2013) Liquid Formulations for Long-Term Storage of
Monoclonal IgGs. Applied Biochemistry and Biotechnology 169(4):1431-
1448.
[2] Rupert Tscheliesssnig, Alois Jungbauer, Rene Ueberbacher and Herwig
Peterlik (2013) Protein stability at high kosmotropic salt level.
submitted to Journal of Chemical Physics B.
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An On-Chip Pcr Approach Enabling Cancer Diagnosis
Andrew F. Sabour, Seung-min Park, Jun Ho Son, Luke P. Lee.
Bioengineering, UC Berkeley, Berkeley, CA, USA.
The development of microfluidic platforms broke the barrier for rampant growth
of on-chip biomarker identification in the field of disease diagnostics. Unfortu-
nately, the amplification of nucleic acids directly from raw patient blood has yet
to find a simple but complete design on a point-of-caremicrofluidic device. Here
we report a technological approach to detect circulating DNA typically found in
whole blood of cancer patients through an on-chip blood-plasma separation,
filtration, reagent mixing, and PCR amplification. Raw patient sample blood
will first be placed through a self-driven, gravitational and drag powered filtra-
tion system, where separation times as low as 10 minutes per 5 mL of blood can
be achieved. Plasma separation coupled with nitrocellulose filters will lead to a
99% pure plasma product. Patient plasma can then be properly placed into
micro-chambers, where they will be exposed to corresponding lyophilized re-
agents and enzymes. With each well equipped to an individual micro-heater,
concentrated thermo-cycling induces DNA amplification by following golden-
standard PCR methodology on a minute-scale basis. Amplification of nucleic
acids in the steps indicated above present a simple device design for diagnosis
of DNA biomarkers from patient to PCR. To thoroughly accomplish all desired
tasks in a direct and efficient manner, the components of an on-chip PCR plat-
form will include a simple yet powerful blood separation method, lyophilized
reagent storage, and micro-heated thermo-cycling.
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Lipid Crystals Mechanically Stimulate Adjacent Extracellular Matrix in
Advanced Atherosclerotic Plaques
Eun-Soo Lee1, Joohyun Park2, Sang-Won Lee1, Junhee Hahn1, Haea Lee3,
Soo-Won Chae3, Se-Hwa Kim1.
1Korea Research Institute of Standards and Science, Daejeon, Korea,
Republic of, 2University of Science and Technology, Daejeon, Korea,
Republic of, 3Korea University, Seoul, Korea, Republic of.
Although lipid crystals have received attention as a causative factor of plaque
rupture, the mechanisms by which they increase plaque vulnerability have not
yet been elucidated.We sought to examinewhether solid-state lipid crystalsme-
chanically affect the adjacent extracellular matrix (ECM) using multimodal
nonlinear optical (MNLO) imaging. Throughmicroanatomic visualization using
MNLO imaging, we found that the internal elastic lamina was structurally
changed; the size of fenestraewas increased in the transverse direction from lipid
crystals. The level of elastin was also increased at the peripheral regions of lipid
crystals. To investigate the influencing factors of this elastin increase, MNLO
images were subjected to finite element analysis (FEA). The mechanical prop-
erty of cholesterol crystals, experimentally measured using nanoindentation,
was applied for FEA. We found that microscopic focal stress increased specif-
ically around the lipid crystals corresponding to areas of increased elastin. Addi-
tionally, FE simulation was validated through a comparison to ex-vivo tissue
stretching experiment to increase the reliability. These data suggest that lipid
crystals may mechanically stimulate the adjacent ECM to contribute to vessel
remodeling via changes in the ECM composition. The combination of MNLO
imaging and biomechanical experiments has great potential for providing crit-
ical insights to the pathophysiological mechanisms of plaque rupture.
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Monitoring Diabetic Wound Healing with a Dielectric Probe
Christopher E. Bassey, Samuel Cowell.
Mathematics and Physics, Azusa Pacific University, Azusa, CA, USA.
Diabetes is a metabolic disease in which an individual cannot produce enough
insulin or utilize the insulin produced by the body. This results in high or low
blood glucose levels, which can be fatal if not monitored and controlled.
